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Introduction
For proper operation of turbojet we must meet various kinds of requirements (mechanical, thermal, aerodynamics, and thermodynamics), among these requirements, among these requirements, we distinguish the one due the increase in the push caused by an increase in the temperature.
To meet such a requirement, the very high temperatures at the exit of the combustion chamber are necessary, but these temperatures have drawbacks because of the effects produced on the various components, such as thermal fatigue and corrosion on the one hand, and creep also caused by centrifugal force due to rotation of the elements on the other hand.
These problems influence on the thermal and mechanical characteristics of materials and parts of the hot section of a turbojet (compressor, combustion chamber, and turbine).
Under these conditions, the elements of this part must be controlled to keep their integrity and achieve maximum lifespan.
In the areas of advanced industry (aerospace, nuclear …), Assessing the damage of materials is a key point for controlling the durability and reliability of parts and materials in service.
In this perspective, it is necessary to quantify the damage and identify the different mechanisms responsible for this damage. It is therefore essential to characterize materials and identify the most sensitive indicators to the presence of damage to prevent their destruction and use them optimally.
To address these problems; the (NDT) aims to verify the integrity of a part or a material without damaging it.
The need to control complex parts leads to design increasingly advanced appropriate methods. Hence the need to develop innovative methods for complex controls.
The aim of this work is to present the different (NDT) techniques and to study their limits, taking into account the difficulties presented at the hot section of a turbojet.
Defects in the industry and the importance of NDT
In industry, several defects can be met, we distinguish: manufacturing defects or degradation, such as: corrosion, peeling, variations of thicknesses or gauges, damages, cracks, material or geometrical anomalies of fabrication, weld defects, oxidation, and others which are caused by: mechanical constraints, chemical actions, thermal actions,… (NDT) is a set of methods for characterizing the state of integrity of industrial structures without degrading them,, either during production (the parts that come out of the foundries are never free from defects), or during use (appearance of defect), so, the purpose of (NDT) is to seek by a nonintrusive process, the presence of defects in materials and its major interest is to highlight the consideration of everything has a consequence that the inspected part is not different from the nominal one.
The NDTfalls under the general concept of quality assurance, it plays a key role in all the applications claiming a maximum of safety and reliability (nuclear, aeronautics, automobile…).
Constraints
A turbojet must meet the design criteria that are dictated by three constraints: creep, thermal fatigue, oxidation and corrosion.
The three constraints are dependent on the temperature or the temperature difference, although other factors such as part geometry and mechanical constraints are equally important.
These constraints are causing development of cracks and fissures that can cause ruptures and destructions.
Cracks
The crack designates an anomaly (a defect) which occurs as a fracture whose appearance at the microscopic level is due to a rupture on compression with an important deformation of cells accompanied by numerous transverse cracks in the walls. The result is the appearance of irregular wrinkles on the surface of the material in the perpendicular direction to the fibers; it creates in most cases a very low tensile strength of longitudinal traction.
The compression cracks indicate a final break of the material caused by excessive load or shock in the fibers of the wall.
Figure 1: Crack and its deformation
Inspection procedure A summary of the recent repair and maintenance actions of engines is established. Visual inspections are realized to reveal the presence of a large crack at the weld on the front side of the outer casing of the combustion chamber and others parts.
Advances in Structures Analysis
Samples of fuel and oil were removed, and no obvious anomalies were detected, the chip was less than clean, and the oil contained no obvious metallic particles. After dismantling engines, several parts of components have been sent to the laboratory to further review.
Tests realized
In this section, we include some realized tests (about 27 tests) on different parts located in the hot part of a turbojet (compressor blades, the casing of the combustion chamber, turbine blades ...).
Visual method The wheel of the first stage of the turbine has revealed numerous cracks (about three cracks). Damage by friction has been observed on the end of several rotor blades. In addition, damage by friction observed on the interior joint of this stage (see Figure 2) . The casing of the combustion chamber has an open crack to 10cm along the weld. This fracture has characteristics corresponding to a recently reported fatigue which is the result of engine vibration.
Figure 2: Crack on the interior joint

Optical method
An optical test of the wheel of the turbine showed that the initial cracking of tiredness followed a radial direction towards its axis. The metallurgical analysis of compressor components did not reveal anything of abnormal on the level of manufacture or the materials which could have contributed to the appearance of tiredness. 
Penetrating fluid method:
This technique is mainly used to: the motor housing, the blades of the turbine and compressor, it allows the detection of thermal fatigue cracking, and corrosion on the parts.
Eddy current method:
This technique is used on piece of conductive material, it provides: the detection of fatigue crack on surface, sorting the conductivity of materials, and boundaries of thermal-affected zone.
Magnetic method: This technique is used on ferromagnetic steel piece, whatever the shape of the piece; it allows the detection of cracks.
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Ultrasonic method: This technique is used to detect internal cracking in the material.
Results and analysis
A crack is not characterized by a cracking of the material but by a deformation comparable with a pleating.
It is important to mention that the morphological analysis of the ruptures reveals many modes of ruin, which are functions of the stress type, of the presence of defects or plans of weakness of material.
It is particularly mentioned that the development of the ruin does not depend only on the zone of principal weakness but also on the history of the loads applied to the part. (The way these loads have been applied is a major factor). The combination of several of these methods (using methods coupled) may increase the detection capacity of the implemented control protocol.
Conclusion
The work aimed to use the techniques of nondestructive testing to detect and monitor damage evolution of materials in the hot part of a turbojet.
The study was conducted in several phases: -Collect existing data.
-Define the problem of nondestructive testing and development of a typology of cracks.
-Analyze specialized bibliographical articles relating to the cracks.
-Censure control methods applicable to the problem of crack detection. Initially we showed the potential of each control method for the detection and characterization of the damage. (We came to value limits for each method).
Our work has enabled us to implement the technical, scientific and practical basis for magnetic fields, electrical and electromagnetic industrial applications primarily related to the magnetic NDT techniques, we have also given a survey on recent developments and involvement of new technology: video-assisted camera control, the magnetization without contact by a rotating magnetic field; techniques and competitive developments predictable: eddy current, ultrasonic guided, magneto-optics…
The satisfactory results obtained by the NDT open very interesting prospects for the developments and the implication for the new techniques for the parts which work at excessive temperatures.
